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LOW PRESSURE LAMINATION OF SAFETY
GLASS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the lamina-
tion of safety glass products, usually comprising one or
more layers of interlayer material that adhere two or
more glass sheets together. The term *‘glass sheets”
includes silica glass compositions and rigid plastic
sheets composed of well known substitutes for glass
such as polycarbonates, acrylics, polyurethanes, polyes-
ters and the like. The glass sheets laminated together
may comprise one or more sheets of heat strengthened
glass or at least one of the glass sheets may contain a
coating for decorative or other functional purpose, such
as serving as a heat screen.

Safety glass is conventionally made by sandwiching a
layer of plastic material between two sheets of glass.
The laminate usually includes an interlayer of plasti-
cized polyvinyl butyral which bonds the glass sheets
together. To obtain the intimate contact at the interfa-
cial surfaces, which is necessary to obtain a suitable
lamination, air is first excluded from the interfacial sur-
faces between the sheets forming the assembly to be
laminated by pre-pressing, followed by final lamination.

In one pre-pressing technique, the assembly is passed
while heated between a pair of rubber rolls. Another
technique for pre-pressing is to apply a flexible open
wall ring about the periphery of the assembly and evac-
uate the interfacial surfaces through the peripheral
chamber formed by enclosing the periphery of the as-
sembly within the lips of the open wall ring and heating
the assembly to bond the sheets together sufficiently to
prepare the assembly for final lamination in an auto-
clave. The latter step is performed by exposing the
assembly to either air or oil at an elevated temperature
and pressure in a large and expensive pressurized auto-
clave. In the autoclave, the assembly of two relatively
rigid plies of glass separated by a relatively soft inter-
layer is subjected to heat and pressure for a suitable
length of time. As a result of the exposure in the auto-
clave, an irreversible deformation of the interlayer takes
place. This causes the interfacial surfaces of the inter-
layer to conform and to develop a strong adhestive bond
to the interfacial surfaces of the glass sheets. However,
the autoclave process is expensive and wasteful of en-
ergy. It would be preferable to develop a less expensive
process to fabricate laminated glass products, particu-
larly a technique that avoids the necessity for a pre-
pressing step followed by final lamination under auto-
clave conditions.

Laminated safety glass units used in overhead glazing
and in sloped glazing installations are composed of glass
sheets that are heat strengthened, particularly glass
sheets whose heat strengthening is accomplished while
the glass sheets are conveyed along a roller-type con-
veyor. Such heat strengthening involves heating the
glass sheet to a temperature at which the surfaces soften
somewhat followed by a cooling step in which the
sheets develop a stress gradient comprising a compres-
sion stress at the surface and an interior tension stress.
Since the softened surfaces of the glass sheet roll over
the roller conveyor during heat strengthening, they
develop a wave and, therefore, are not as flat as sheets
that require less heat during their processing, such as
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sheets that are annealed or brought to a lower stress
configuration.

When glass sheets are thermally processed while
conveyed on a roller conveyor, they tend to develop a
warp in which one major surface becomes convexly
curved and the other major surface concavely curved,
depending upon the temperature cycle to which the
opposite major surfaces are exposed during the thermal
treatment required for heat strengthening. The warp
that results is a function of the magnitude of the stress
gradient developed through the thickness of the glass
sheets as a result of the heat strengthening operation.

In addition, a rectangular glass sheet tends to curl at
its corners as a result of the temperature cycle to which
it is exposed during heat strengthening. Since the lead-
ing edge of the glass sheet has a different thermal his-
tory than the trailing edge thereof, the curl at the lead-
ing edge corners develops a different configuration
from that of the trailing edge corners.

It is more difficult to laminate sheets that have been
warped as a consequence of being heat strengthened
than to laminate flatter glass sheets having a lower stress
pattern that results from annealing. Furthermore, these
laminated products may require glass sheets, one or
both of which are provided with a coating that reduces
the transmission of high energy radiation through the
ultimate laminate. The application of heat screening
coatings to glass surfaces involves heating the glass to a
temperature at which its major surfaces are likely to
soften. The heat strengthened glass, regardless of
whether it is merely strengthened to improve the resis-
tance of the ultimate product to penetration by foreign
objects or whether the sheets are heated in the process
of applying a coating to their major surface, develops a
warped surface that makes it more difficult to laminate
the heat strengthened glass sheets to opposite sides of an
interlayer. Glass sheets are easier to laminate when they
are oriented to one another so that their top and bottom
major surfaces face in the same directions and their
leading and trailing edges are aligned and registered.

An interlayer suitable for use in the fabrication of
laminated safety glass is preferably a plasticized polyvi-
nyl acetal. Polyvinyl butyral plasticized with triethyl-
ene glycol di-2-ethyl butyrate (popularly called *3GH")
is a common interlayer. Sheets of such interlayer mate-
rial are usually supplied with surfaces that are pat-
terned. The patterns on the major surfaces of the inter-
layer are such as to provide passageways for the re-
moval of entrapped vapors such as air or moisture. The
grooves in the patterns are removed by the high pres-
sure that takes place in the autoclave.

It has been suggested that glass sheets be laminated to
interlayers by immersing an assembly of alternate sheets
of glass and interlayer material within a bath containing
a plasticizer and allowing the plasticizer to help unite
the interfacial surfaces by the application of heat, al-
though if no hurry is indicated, lamination could take
place over an extended period of time at temperatures
on the order of room temperatures. Such a techmque
made it necessary for an operator to wash excess plasti-
cizer from the outer surfaces of the resulting laminated
unit. In addition, laminated units produced from units
assembled within a bath often had bubbles, which de-
tracted from the commerical value of the units so pro-
duced.

Nevertheless, the need exists for a relatively inexpen-
sive process of fabricating transparent, laminated units
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for relatively small orders of custom sizes that make it
impractical to use expensive autoclave equipment.

2. Description of Patents of Interest

British Pat. No. 355,604 to Newtex Safety Glass Co.
discloses a method of making a laminate containing a
sheet of cellulose acetate between two sheets of glass. A
first sheet of glass is laid into a suitable bath of a resin 1n
the A stage of its manufacture. A cellulose acetate sheet
i1s laid on the glass sheet within the bath, and the second
glass sheet is laid over the cellulose acetate in the bath.
The resultant assembly is removed from the bath, excess
bath is wiped off from the outer surfaces of the assembly
and the surplus bath composition is removed from be-
tween the layers by gentle hand pressure. The resultant
assembly is placed in a suitable press and pressed at a
pressure of 200 pounds per square inch and at a temper-
ature of 90° to 130° centigrade for forty minutes. This
immersion is alleged to avoid areas of non-adhesion
between adjacent layers of the assembly. This patent
requires waiting for all the layers to be assembled before
hand pressure is applied. Therefore, some bubbles that
form during assembly cannot be removed. In addition,
this patent requires autoclave pressures to accomplish
acceptable results.

U.S. Pat. No. 3,449,184 to Balk eliminates the need
for an expensive autoclave to complete the lamination
of laminated glass products by immersing alternate
sheets of glass and interlayer material in a bath of liqud
plasticizer material to inundate the sheets in the bath
and arranges the sheets in laminate relation to one an-
other while immersed within the bath. Allegedly this
process may be accomplished in anywhere from one
half hour to several hours at room temperature but the
process may be accelerated by subjecting products
being cured to heat. Unfortunately, the quality of arti-
cles so produced does not always meet the commercial

standards required for present day products because of

the presence of bubbles. It is impossible to remove such
bubbles while the assembly remains immersed within
the bath, and, like the Newtex patent, has great diffi-
culty in removing certain bubbles when bubble removal
attempts are started only after the assembly is removed
from the bath. In addition, working in a bath of plasti-
cizer is very messy and requires the removal of plasti-
cizer from the outer surfaces of the unit when the latter
is removed from the bath.

It is believed that the bubbles that form in the lami-
nated products produced by the aforesaid reference
patents result from eddy currents that take place during
the assembly of sheets within a bath. These eddy cur-
rents, which cannot be controlled, sometimes cause

bubbles in the film between the interfacial surfaces of

the adjacent sheets of the assembly in the laminate.
When the individual layers are assembled within a bath
of plasticizer material, it is difficult to observe whether
such bubbles are present. Hence, it is difficult to deter-
mine whether such bubbles require removal from the
interfacial surfaces of the assembly in sufficient time to
allow lamination to take place with the complete avoid-
ance of bubbles, a necessity when complying with the
requirements for present day commerical products.
Furthermore, there is no known way of removing an
interfacial bubble from an assembly while the assembly
is immersed within a bath of plasticizer material during
the layup of its components.
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4
SUMMARY OF THE PRESENT INVENTION

According to the present invention, the preliminary
pressing steps and the use of an immersion bath and an
autoclave are eliminated. Instead, in its broadest sense,
the present invention comprises a method of making a
laminated safety glass unit comprising at least two
sheets of glass and an interlayer of plasticized interlayer
material containing sufficient plasticizer to adhere to
glass in a temperature range above room temperature
and below a temperature at which said plasticizer devel-
ops volatile products, said method comprising:

(a) supporting a first glass sheet on an esentially hori-
zontal support surface (which may be at an oblique
angle not exceeding approximately five degrees) in such
a manner that the lower major surface of said glass sheet
is in contact with said support surface throughout sub-
stantially its entire extent and its upper surface 1s ex-
posed,

(b) applying an excess of liquid plasticizer substan-
tially only to the entire exposed upper surface of said
first glass sheet so supported to form a continuous coat-
ing that is free of bubbles over said entire upper surface,

(c) applying a sheet of plasticized interlayer material
having patterned major surfaces to said continuous
coating to form a preassembly, in such a manner that
said sheet of plasticized interlayer material contacts said
continuous coating throughout essentially its entire
extent while its upper surface is exposed,

(d) applying an excess of liquid plasticizer substan-
tially only to the entire exposed upper surface of said
plasticized sheet to form a continuous coating that is
free of bubbles over said latter entire exposed surface,

(e) applying a second glass sheet over said latter ‘con-
tinuous coating until it makes continuous contact there-
with to form an assembly,

(f) subjecting said assembly to an atmosphere that
excludes an expensive autoclave and provides a temper-
ature range between room temperature and the temper-
ature at which said plasticizer develops a volatile prod-
uct and to a superatmospheric pressure not more than
two atmospheres until said sheets are completely lami-
nated to one another,

Since liquid plasticizer is applied to only the up-
wardly facing interfacial surfaces of the assembly to be
laminated when said surfaces are exposed, it is possible
to inspect the assembly during various stages of its as-
sembly for bubbles. If a bubble is observed, it can be
removed by applying pressure, either by hand or by a
rolling force toward an edge of the preassembly or
assembly before the next layer is applied.

Preferably the sheet of plasticized interlayer maternal
is applied in essentially unwrinkled condition over the
first continuous coating of plasticizer by supporting the
plasticized sheet in an essentially horizontal configura-
tion, with its opposite ends supported at a higher eleva-
tion than its portion intermediate its opposite ends. The
plasticized sheet is lowered until its intermediate por-
tion makes a continuous line of contact with the contin-
uous coating that extends transverse to a line intercon-
necting the opposite ends, and continuing to lower the
portions of the plasticized sheet in such a manner as to
extend the continuous line of contact into a continuous
area that extends in opposite directions to the ends of
the plasticized sheet until the sheet of plasticized inter-
layer material is applied over said continuous coating of
plasticizer entirely.



4,385,951

S

The second glass sheet is preferably applied over the
second named continuous coating by lowering an edge
of the second glass sheet to engage a corresponding
edge of the upper surface of the plasticized sheet in such
a manner as to support the lowered edge of the second
glass sheet on an edge of the plasticized sheet with the
continuous coating between the second glass sheet and
the plasticized sheet. The second glass sheet is lowered
by pivoting the latter about its said initially supported
edge until the entire second glass sheet is in contact with
the second-named continuous coating. The preferred
interlayer sheet is plasticized polyvinyl butyral. The
liquid plasticizer used is preferably the same plasticizer
used to plasticize the sheet of interlayer material. The
liquid plasticizer preferably contains an ingredient se-
lected from the class consisting of triethylene glycol
di-2-ethylbutyrate, dibutyl sebacate, hexadecyl alcohol,
di-n-hexyl adipate, buty] benz! phthalate and tetraethyl-
ene glycol di-n-hexanoate.

The method of this invention can be used in assem-
bling more layers of alternate sheets of interlayer mate-
rial and sheets of glass by providing augmented assem-
blies containing at least two sheets of interlayer material
and at least three glass sheets each of which is treated
only on its upper surface that forms an interfacial sur-
face. The present invention is also suitable for assembly-
ing a stack of assemblies or augmented assemblies or
mixtures of assemblies with augmented assemblies
wherein each layer in turn that forms part of an interfa-
cial surface of the assembly has its upper surface com-
pletely covered with an excess of liquid plasticizer ap-
plied in such a manner that the upper surface is exposed
so as to avoid the presence of empty areas that form
bubbles in the interfacial surface after the next succeed-
ing layer or sheet is applied. In forming a stack of assem-
blies and/or augmented assemblies, the upper surface of
the upper glass sheet of the previous assembly 1s ex-
posed and the lower surface of the first glass sheet of the
next assembly is applied in surface to surface contact
against said last named upper surface without applying
any liquid plasticizer to the interfacial surface between
adjacent assemblies of the stack to exclude plasticizer
from the interfacial surface between adjacent assem-
blies. -

These and other benefits of the present invention will
be understood better in the light of a description of

specific embodiments that follow: .

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In a specific embodiment of the present invention,
two or more rectangular glass sheets (preferably float
glass, and more preferably, float glass that has been heat
strengthened and/or provided with a heat screening
coating) is laminated to another heat strengthened glass
sheet which may or may not be coated with a heat
screening coating to provide a laminated transparency
for use in overhead glazing which is usually installed at
an oblique angle. In order to avoid the problems of the
prior art in which it was difficult to handle the sheets
within a liquid plasticizer bath, the present invention
provides a solid support surface for supporting a first
sheet of glass in face-to-face contact. The solid support
surface is preferably at an essentially horizontal orienta-
tion, but may be oriented at a small angle to the horizon-
tal and is provided with a pair of pegs to insure that an
edge of the glass sheet is aligned properly along its
longer dimension. Another peg is mounted to guide the
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positioning of its shorter dimension while the longer
side edge iIs so aligned.

A first glass sheet is mounted on the essentially hon-
zontal support (which may be at an angle of not more
than five degrees to the horizontal) and flooded over its
entire exposed upper surface with an excess of liquid
plasticizer. Then, a matching sheet of polyvinyl butyral
15 to 60 mils (0.4 to 1.5 millimeters) thick is apphed in
unstretched and unwrinkled condition over the upper
surface of the first glass sheet after it has been deter-
mined that the continuous layer of plasticizer of the
type used to plasticize the interlayer material is free of
bubbles. An excess of plasticizer is applied over the
exposed upper surface of the sheet of plasticized inter-
layer material and at room temperature the coating of
liquid plasticizer has a thickness of approximately 0.8
millimeters which corresponds to approximately 1/32
inch. After it has been determined that no bubbles are
present in the coating of plasticizer, a second glass sheet
is mounted with its edge over the corresponding edge of
the coated interlayer. The second glass sheet 1s gradu-
ally lowered onto the upper coated surface of the plasti-
cized sheet to form a continuous covering for the sec-
ond coating of plasticizer. The second glass sheet is
gradually lowered by being pivoted about the edge that
makes the initial contact with the edge of the plasticized
sheet.

The benefit of applying liquid plasticizer to the upper
surface only of the first glass sheet and of the interlayer
sheet as taught by the present invention is that each
upper surface being treated with plasticizer is the only
major surface at each step that is so exposed when so
treated. Such exposure is not possible when assembly
takes place within a bath of a plasticizer. Hence, the
present invention makes it possible to correct for any
areas containing a bubble before the assembly proceeds
to the next stage.

When the sub-assembly containing a layer of inter-
layer material over the first glass sheet s completed, it
is possible to inspect the resulting assembly or sub-
assembly, and, if a bubble is seen, a roll applies a light
rolling action across the upper surface and toward the
closest edge of the sub-assembly to force some of the
excess plasticizer to replace the bubble and force the
bubble from the interface between the adjacent layers to
the edge of the interfacial area of the sub-assembly. This
is repeated, if needed, after each layer of the assembly
or sub-assembly is applied over the additional coating of
plasticizer it covers.

EXAMPLES

Initial experiments were performed with sets of ten
specimens, each specimen comprising a sandwich of
two layers of glass and an interlayer of plasticized poly-
vinyl butyral. The individual layers of each specimen
were supported on a flat surface against alignment pins
and excess plasticizer was applied to the upper exposed
surface of each layer in turn, except for the uppermost
layer of the specimen. Each set of specimens in the first
group of experiments was subjected to a unique combi-
nation of soaking time at room temperature and no
pressure followed by low pressure (4.7 pounds per
square inch or 3200 Pascals) at a time and temperature
selected for the set of specimens. The specimens were
inspected for optical properties after such treatment.

Excellent optical properties were observed with
specimens of two glass sheets and an interlayer sheet of
plasticized polyvinyl butyral that were allowed to soak
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for one day at room temperature followed by 16 hours
of laminating at a pressure of 4.7 pounds per square inch
(3200 Pascals) and a laminating temperature of 80 de-
grees centigrade. Additional assemblies were permitted
to soak at room temperature for one day followed by 16
hours of lamination at a laminating pressure of 4.7
pounds per square inch (3200 Pascals) and a laminating
temperature of 20 degrees centigrade. The latter speci-
mens had good transmission properties, but not as good
as the excellent transmission properties of those lami-
nated at 80 degrees centigrade. Excellent results were
obtained with ten specimens that were soaked at room
temperature for one day followed by laminating at a
pressure of 4.7 pounds per square inch (3200 Pascals)
for 6 hours at 80 degrees centigrade. An additional ten
specimens were soaked at room temperature for one
day and then laminated at 20 degrees centigrade at a
pressure of 4.7 pounds per square inch (3200 Pascals)
for 6 hours. Poor optics resulted from these latter ten
specimens. Additional specimens that were assembled
in the manner previously described and allowed to soak
for one day at room temperature followed by laminat-
ing for 30 hours at a pressure of 4.7 pounds per square
inch (3200 Pascals) and a temperature of 20 degrees
centigrade exhibited excellent optical properties. How-
ever, 30 hours of laminating time is too slow for practi-
cal commercial application.

An additional 10 specimens, which were subjected to
one day of soaking at room temperature followed by 24
hours of lamination at a laminating pressure of 4.7
pounds per square inch (3200 Pascals) and at a tempera-
ture of 20 degrees centigrade, also produced excellent
optical properties. An additional set of ten specimens
was permitted to soak for one day at room temperature
followed by lamination of a pressure of 4.7 pounds per
square inch (3200 Pascals) for 72 hours at 20 degrees
centigrade. This treatment yielded excellent optical
properties in the laminated specimens.

Ten additional assemblies were assembled in the man-

ner previously described and subjected to 6 hours of 40

soaking at room temperature followed by 24 hours of
lamination at 120 degrees centigrade at a pressure of 4.7
pounds per square inch (3200 Pascals) and developed
excellent optical properties. An additional ten assem-
blies soaked at room temperature for 6 hours followed
by 48 hours of lamination at room temperature at a
laminating pressure of 4.7 pounds per square inch (3200
Pascals) also developed excellent optical properties. An
additional 10 specimens assembled in the described
manner soaked at room temperature for 6 hours fol-
lowed by 40 hours of lamination at 4.7 pounds per
square inch (3200 Pascals) at a laminating temperature
of 120 degrees centigrade developed excellent optical
properties.

Other specimens having interlayers of polyvinyl bu-
tyral plasticized with dibutyl sebacate were also tested
by applying dibutyl sebacate plasticizer during the as-
sembly steps. Excellent transmission results were ob-
tained from ten specimens soaked for 6 hours at room
temperature with dibutyl sebacate followed by 48 hours
of lamination at a laminating pressure of 4.7 pounds per
square inch (3200 Pascals) at 80 degrees centigrade. An
additional ten specimens prepared using dibutyl seba-
cate plasticizer and soaked at room temperature for 6
hours followed by 16 hours of the aforesaid laminating
pressure at 80 degrees centigrade had good optical
properties. Ten additional specimens containing interfa-
cial coatings of dibutyl sebacate plasticizer showed
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excellent optical properties on inspection after 6 hours
of soaking at room temperature followed by 16 hours of
laminating time at 20 degrees centigrade at a pressure of
4.7 pounds per square inch (3200 Pascals). Other sets of
10 specimens, each containing dibutyl sebacate plasti-
cizer at the interfaces subjected to 6 hours of soaking at
room temperature followed by the following treat-
ments: 1 set at 120 degrees centigrade for 72 hours,
another set for 24 hours at 120 degrees centigrade, a
third set at 120 degrees centigrade for 40 hours, and a
fourth set for 40 hours at 20 degrees centigrade all at a
laminating pressure of 4.7 pounds per square inch (3200
Pascals), produced laminates having excellent optical
properties.

Having determined the feasibility of the operation for
laminating single assemblies, additional efforts were
directed to assembling a plurality of assemblies and
stacking the plurality of assemblies in a stack. The fol-
lowing operating parameters were developed: 2 heat
strengthened sheets of float glass having a nominal
thickness of } inch (6.3 millimeters) or } inch (3.1 milh-
meters), one being coated and the other being clear,
were laminated with plasticized polyvinyl butyral using
as a plasticizer the same plasticizer used to plasticize the
polyvinyl butyral, namely Flexol 3GH (triethylene gly-
col di-2-ethyl butyrate) or DBS (dibutyl sebacate) or
Santicizer 332 (a plasticizer containing 75 parts by
weight of di-n-hexyl adipate plus 25 parts by weight of
butyl benzyl phthlate). A treatment comprising two
hours of soaking time for laminates made with triethyl-
ene glycol di-2-ethyl butyrate plasticizer followed by 10
hours of a lamination step at 175 degrees Fahrenheit (79
degrees centigrade) and 4.7 pounds per square inch
pressure (3200 Pascals) produced 100% lamination,
which provided excellent optics throughout the entire
extent of the laminated units. Suitable results were also
obtained when the lamination step was terminated at 8
hours. However, for commercial operations, the lami-
nation step was continued for 10 hours to ensure an
adequate product. When the lamination was performed
at temperatures in excess of 100 degrees centigrade,
water bubbles were observed in the ultimate product.
These bubbles were investigated and found to be related
to a high moisture content in the interlayer developed
by storing the interlayer sheets at room temperature at
40% relative humidity. This problem was avoided sub-
sequently by storing interlayer sheets at relative humidi-
ties not exceeding 20% at room temperature for at least
24 hours. -

It is understood that while a stack comprising several
assemblies could be made, seven being suitable for pro-
duction purposes, that is also within the purview of the
present invention to provide augmented assemblies con-
taining two or more interlayers alternating with three
or more glass sheets. The same parameters appear to be
applicable for the laminate to form an ultimate product
having good optical properties.

It has been observed that during the soaking of lami-
nates containing triethylene di-2-ethyl butyrate (3 GH)
at room temperature, 1.5 grams per square centimeter is
absorbed per hour during soaking at room temperature.
In interlayers of 30 mils (0.76 millimeters) thickness and
interlayers of 60 mils (1.52 millimeters) thickness, the
amount of plasticizer absorbed is insufficient to normal-
ize throughout the thickness of the interlayer during the
two hours of soak time which appears to be maximum
time necessary to soften and dissolve the ribs formed on
the patterned surfaces of the interlayer material suffi-
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ciently to obtain results that correspond approximately
to the results obtained by prepressing in the prior art
that continued with a final lamination step in a high
pressure, high temperature autoclave. Particular ribs
are 1.5 to 2 mils (0.038 to 0.051 millimeters) deep and
there are spaces 26 mils (0.66 millimeters) wide between
ribs.

A commercial operation developed to produce lami-
nates approximately 59 inches (150 centimeters) long
and 52 inches (132 centimeters) wide of two glass sheets
221 mils (3.6 millimeters) thick of heat strengthened
clear float glass laminated to an interlayer of plasticized
polyvinyl butyral 60 mils thick plasticized with triethyl-
ene glycol di-2-ethyl butyrate involved a two hour
soaking period at room temperature followed by 10
hours of lamination at 180 degrees Fahrenheit (82 de-
grees centigrade) at a pressure of 4.7 pounds per square
inch (3200 Pascals). This operation made commercially
acceptable laminates in stacks of seven assemblies in
height. In another example, a pair of clear float glass
sheets having 4§ inch (3.1 millimeters) nominal thickness
was laminated to a 60 mil (1.52 millimeters) thick inter-
layer of polyvinyl butyral plasticized with triethylene
glycol di-2-ethyl butyrate.

The glass sheets were 76 inches (193 centimeters)
long and 34 inches (86 centimeters) wide. A stack seven
assemblies high was fabricated using a 2 hours soak time
and 8 hours of lamination at a pressure of 4.7 pounds per
square inch (3200 Pascals) and a temperature of 180
degrees Fahrenheit (82 degrees centigrade).

In laminating glass sheets having major surfaces that
are bowed as a result of a heat strengthening process, it
is recommended that the first glass sheet be applied
directly to a support surface with its bowed surface
facing upward and with the support surface completely
clean. The glass sheet is registered against pins on two
adjacent edges with its upper edge exposed and its bot-
tom edge against the support surface. Plasticizer is ap-
phed in liquid form over the upper surface of the first
glass sheet in excess until it completely covers the upper
surface of the first glass sheet and flows over its edge. A
sheet of plasticized polyviny! butyral having patterned
surfaces is supported over the coating of plasticizer
with its more deeply ribbed surface facing down. Two
operators hold the plasticized sheet in unwrinkled con-
dition with a slight droop in the middle. They lower the
plasticized sheet until the lowered middle portion en-
gages the liquid plasticizer along a transversely extend-

ing line. The plasticized sheet is lowered until the line of

contact becomes an area of contact over the entire coat-
ing of plasticizer. The plasticized sheet is aligned with
the pins along two adjacent edges and is slightly longer
and wider than the first glass sheet so that the excess
extends beyond the edges of the first glass sheet. Any air
bubbles trapped between the plasticized sheet and the
first glass sheet are removed by applying a paint roller
along the upper surface of the plasticized sheet toward
the edge of the sheets. An excess of liquid plasticizer is
dispensed onto the upper exposed surface only of the
plasticized polyvinyl butyral sheet until the excess flows
over the edge of the preassembly so formed. A second
glass sheet is applied with its bow facing upward over
the liquid plasticizer coating. A first edge of the second
glass sheet is mounted on the edge of the plasticized
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used as a pivot axis to lower the rest of the glass sheet
against the plasticized sheet to force air bubbles out of
the plasticizer. If any bubbles develop during this as-
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sembly step, pressing by hand at a point between the
geometric center of the second glass sheet and the bub-
ble forces the bubble to the edge of the assembly where
it is expelled.

If 1t is desired to build a stack of assemblies for simul-
taneous lamination, a first glass sheet is mounted di-
rectly against the second glass sheet of the assembly just
completed without applying any plasticizer to the upper
surface of the second glass sheet of the previous assem-
bly and the steps taken to assemble the first assembly are
repeated for as many assemblies desired in the stack
(usually up to ten).

The stack of assemblies is soaked at room tempera-
ture without any additional pressure for from fifteen
minutes to two hours after the stack is completed. One
half hour of soaking is preferred.

A press applies a pressure of 4.7 to 7.7 pounds per
square inch (3200 to 5200 Pascals). All excess plasticizer
from the previous steps is collected and filtered for
reuse.

The assembly, while subjected to the low pressure, is
heated to 225 degrees Fahrenheit (117 degrees centi-
grade) for one to ten hours after the elevated tempera-
ture is reached. Preferred minimum laminating times
are one hour for a stack of one to two assemblies, two
hours for a stack of three to five assemblies and three
hours for a stack of six to eight assemblies.

After the temperature and pressure exposure is com-
pleted, the laminates are removed from the press and
razor blades are used to trim the excess plasticized inter-
layer material that extends beyond the margin of the
glass sheets. The laminates are ready for inspection and
shipping after they are run through a commercial
washer.

The form of the invention shown and described
herein represents an illustrative preferred embodiment
and certain modifications thereof. It is understood that
various changes may be made without departing from
the gist of the invention as defined in the claimed sub-
ject matter which follows:

I claim:

1. A method of making laminated safety glass suitable
for use in glazing closures comprising at least two glass
sheets and an interlayer of plasticized interlayer mate-
rial containing sufficient plasticizer to adhere to glass in
the temperature range above room temperature and the
temperature at which said plasticizer develops volatile
products, said method comprising:

(a) supporting a first glass sheet on an essentially
horizontal solid support surface with its upper sur-
face exposed and its lower major surface in essen-
tially continuous contact with said support surface,

(b) applying an excess of liquid plasticizer substan-
tially only to the entire exposed upper surface of
said first glass sheet so supported to form a continu-
ous coating over said entire exposed upper surface,

(c) applying a sheet of plasticized interlayer material
having patterned major surfaces to said continuous
coating with its upper surface exposed to form a
preassembly in such a manner as to avoid the pres-
ence of bubbles,

(d) applying an excess of liquid plasticizer substan-
tially only to the entire exposed upper surface of
said sheet of plasticized interlayer material to form
a continuous coating over said latter entire exposed
upper surface,
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(e) applying a second glass sheet over said latter con-
tinuous coating to form an assembly in such a man-
ner as to avoid the presence of bubbles, and

(f) subjecting said assembly to an atmosphere that
excludes an autoclave, said atmosphere providing 2
temperature range between room temperature and
the temperature at which said plasticizer develops
a volatile product and a superatmospheric pressure
not more than two atmospheres until said sheets are
completely laminated to one another.

2 The method as in claim 1, wherein said assembly 1s
inspected for bubbles after applying each sheet over one
or the other continuous coatings of liquid plasticizer,
and, if a bubble is observed, applying a rolling force to
the upper exposed surface of said sheet toward the edge
of said sheet to remove said bubble from said continuous
coating.

3. The method as in claim 1 or claim 2, wherein said
sheet of plasticized interlayer material is applied 1 es-
sentially unwrinkled condition over said first named
continuous coating by supporting said plasticized sheet
in an essentially horizontal configuration with its oppo-
site ends supported at a higher elevation than its posi-
tion intermediate its opposite ends, lowering said plasti-
cized sheet until its intermediate portion makes a contin-
yous line of contact with said continuous coating that
extends transverse to a line interconnecting said oppo-
site ends, and continuing to lower the portions of said
plasticized sheet In such a manner as to extend said
continuous line of contact into a continuous area that
extends in opposite directions to said ends until said
sheet of plasticized interlayer material is applied over
said entire continuous coating.

4. The method as in claim 1 or claim 2, wherein said
second glass sheet is applied over said second named
continuous coating by applying a first edge of said sec-
ond glass sheet to a corresponding first edge of the
upper surface of said plasticized sheet in such a manner
as to maintain said continuous coating between said
second glass sheet and said plasticized sheet, and lower-
ing said second glass sheet by pivoting said second glass
sheet about its said first edge until the entire second
glass sheet is in contact with said second named contin-
uous coating.

5. The method as in claim 1 or claim 2, wherein said
plasticized sheet is composed of plasticized polyvinyl
butyral.
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6. The method as in claim 1 or claim 2, wherein said
liquid plasticizer is the plasticizer that is used to plasti-
cize said sheet of interlayer material. |

7 The method as in claim 6, wherein said liquid plas-
ticizer contains an ingredient selected from the class
consisting of triethylene glycol di-2-ethyl butyrate, di-
butyl sebacate, hexadecyl alcohol, di-n-hexyl adipate,
butyl benzyl phthalate, and tetraethylene glycol di-n-
hexanoate.

8 The method as in claim 1, followed by the addi-
tional steps of assembling additional alternate sheets of
plasticized interlayer material and of glass to form an
augmented assembly with the application of an excess
of liquid plasticizer to the entire exposed upper surface
of each said sheet of said augmented assembly to form a
continuous coating over the entire exposed upper sur-
face, said additional steps being performed prior to
subjecting said augmented assembly to said temperature
range and superatmospheric pressure.

9 The method as in claim 1, followed by the addi-
tional steps of assembling one or more additional assem-
blies in the manner of the method of claim 1 to form a
plurality of assemblies prior to subjecting the plurality
of assemblies to said temperature range and said super-
atmospheric pressure, the first glass sheet of each of said
additional assemblies being mounted in direct surface to
surface contact with the upper glass sheet of the previ-
ous assembly in the absence of any liquid plasticizer
threbetween.

10. The method as in claim 8B,
tional steps of assembling one or
blies or augmented assemblies to form a plurality of
augmented assemblies prior to subjecting the plurality
of augmented assemblies being mounted in direct sur-
Face to surface contact with the upper glass sheet of the
previous assembly or augmented assembly 1n the ab-
sence of any liquid plasticizer therebetween.

11. The method as in claim 1 or claim 2, wherein said
glass sheets to be laminated are heat strengthened while
oriented to provide a given leading edge and a given
trailing edge, thereby developing major surfaces that
are bowed, comprising applying said first heat strength-
ened glass sheet directly to said support surface with its
bowed surface facing upwardly, and applying said sec-
ond heat strengthened glass sheet over said latter con-
tinuous coating with its bowed surface facing upwardly
and oriented so that its leading and trailing edges are
oriented and aligned with the corresponding leading
and trailing edges of said first heat strengthened glass

followed by the addi-
more additional assem-

x » x * *
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